A Gram-stain-negative bacterium, designated XIN-1 T , was isolated from a farmland river sludge sample in Suzhou, China. Cells of strain XIN-1 T were strictly aerobic, non-motile and rod-shaped. Strain XIN-1 T grew optimally at pH 7.0 and 28 6C. Phylogenetic analysis of the 16S rRNA gene sequences showed that strain XIN-1 T was most closely related to Flavobacterium hauense BX12 T (98.2 % sequence similarity), followed by Flavobacterium beibuense F44-8 T (96.3 %). The major respiratory quinone was menaquinone-6 and the major polar lipid was phosphatidylethanolamine. The major fatty acids (.5 %) were summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c), summed feature 4 (comprising iso-C 17 : 1 I and/or anteiso-C 17 : 1 B), iso-C 15 : 0 , C 16 : 0 and iso-C 17 : 0 3-OH. The genomic DNA G+C content of strain XIN-1 T was 39.8 mol%. Strain XIN-1 T showed low DNA-DNA relatedness with F. hauense BX12 T (38.7±0.5 %). On the basis of genotypic and phenotypic data, strain XIN-1 T is considered to represent a novel species of the genus Flavobacterium, for which the name Flavobacterium suzhouense sp. nov. is proposed. The type strain is XIN-1 T (5CCTCC AB 2014200 T 5KCTC 42107 T ).
The genus Flavobacterium, first proposed by Bergey et al. (1923) , forms one branch of the family Flavobacteriaceae, and was extensively emended by Bernardet et al. (1996) and by Dong et al. (2013) . At the time of writing, more than 60 species in the genus Flavobacterium have been isolated from various habitats, such as freshwater, saltwater, soil, glaciers and marine sediments (Bernardet & Bowman, 2011) . Members of the genus are Gram-stain-negative, strictly aerobic, rod-shaped, non-spore-forming, yellow-pigmented and contain menaquinone-6 (MK-6) as the major respiratory quinone. Most species of the genus contain iso-C 15 : 0 as the major fatty acid, and phosphatidylethanolamine as the major polar lipid (Bernardet & Bowman, 2006; Dong et al., 2013) . Members of the genus have a DNA G+C content range of 30-41 mol% (Bernardet & Bowman, 2011; Xu et al., 2011) , except Flavobacterium subsaxonicum WB 4.1-42 T and Flavobacterium caeni LM5 T (Ali et al., 2009; Liu et al., 2010) .
For the isolation of XIN-1 T , sludge sample was collected from a farmland river (31 u 189 090 N 120 u 379 120 E) in Suzhou city, Jiangsu province, China. The sample was diluted five times, plated on R2A (Difco) agar and incubated at 28 u C for 3 days; a single colony was picked out and further purified by plate streaking. Finally, the pure culture of strain XIN-1 T was preserved at 280 u C in R2A broth (Difco) supplemented with 15 % (v/v) glycerol.
Strain XIN-1 T and the type strain Flavobacterium hauense BX12 T were cultivated on R2A agar or in R2A broth at 28 u C for morphological, biochemical and physiological analysis. Gram staining was performed using the method described by Beveridge et al. (2007) . Cell morphology was observed using a transmission electron microscope (model H-7650; Hitachi) after 12 h of growth on R2A agar. Acid production from various carbohydrates, production of H 2 S, nitrate reduction, glucose oxidation/fermentation, indole production and hydrolysis of aesculin and urea were determined using the API 20NE and API 20E kits (bioMérieux). Oxidase and catalase activities were tested according to the methods of Dong & Cai (2001) . R2A agar supplemented with 10 % (v/v) egg yolk emulsion was used as the medium to investigate the production of a precipitate on egg yolk agar (Xu et al., 2011) . Hydrolysis of gelatin, casein, L-tyrosine, starch, Tween 40, Tween 80, DNA and CM-cellulose were investigated according to methods described by Smibert & Krieg (1994) and Reichenbach (1992) . The production of flexirubin-type pigments, gliding motility and Congo red adsorption were tested as described by Bernardet et al. (2002) . Sensitivity and resistance to antibiotics were investigated on R2A agar using antibiotic discs (Hangzhou Microbial Reagent). Strains were incubated in an anaerobic triangular flask to test whether cultures can grow without oxygen. To determine the optimal temperature, pH and concentration of NaCl for growth, cultures were incubated at 0, 4, 10, 15, 20, 28, 32, 37, 42 and 45 u C, with 0-7 % (w/v) NaCl (in 1 % intervals) and at pH 4-10 (in 1 pH unit intervals). Growth was also tested on Luria-Bertani (LB) agar, nutrient agar (NA) and trypticase soy agar (TSA) (all Difco). Additional properties were determined using the API 20NE, API ZYM and API ID 32GN kits (bioMérieux).
Strain XIN-1 T was Gram-stain-negative and strictly aerobic. Cells were rod-shaped (approx. 0.4-0.5 mm in diameter and 0.8-1.4 mm in length when cultured on R2A agar at 28 u C for 12h; Fig. S1 , available in the online Supplementary Material), non-flagellated, non-motile and non-spore-forming. Cells could grow on TSA, NA and LB agar. Colonies were 1-3 mm in diameter after 2 days of cultivation on R2A agar at 28 u C, circular, smooth and bright yellow. Growth occurred at 4-37 u C, but not at 45 u C. The optimal temperature for growth was 28 u C. The strain grew at pH 6.0-8.0 (optimum, pH 7.0) and with 0-2 % NaCl (optimum, 0 %). According to the API 20NE test strip, negative results were obtained for nitrate reduction, glucose fermentation, arginine dihydrolase activity, indole production and b-galactosidase activity. Acid was produced from rhamnose, but not from D-glucose, D-mannitol, inositol, Dsorbose, sucrose, melibiose, gentiobiose or L-arabinose (API 20E). Strain XIN-1 T was positive for oxidase activity, and hydrolysis of aesculin, Tweens 40 and 80, gelatin, starch and egg yolk, but negative for catalase activity, flexirubin-type pigments, Congo red adsorption, anaerobic growth, H 2 S production, and hydrolysis of casein, urea, DNA, L-tyrosine and CM-cellulose. Strain XIN-1 T could utilize D-glucose, maltose, sodium acetate, trisodium citrate, D-mannose and glycogen, but not salicin, L-alanine, D-mannitol, potassium gluconate, capric acid, adipic acid, malic acid, phenylacetic acid, L-rhamnose, N-acetylglucosamine, D-ribose, inositol, sucrose, itaconic acid, suberic acid, sodium malonate, lactic acid, potassium 5-ketogluconate, 3-hydroxybenzoic acid, Lserine, melibiose, L-fucose, D-sorbitol, propionic acid, valeric acid, histidine, potassium 2-ketogluconate, 3-hydroxybutyric acid, 4-hydroxybenzoic acid or L-proline (API 20NE and API ID 32GN test strip). In the API ZYM strip, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, a-glucosidase and b-glucosidase activities were present, but lipase (C14), a-chymotrypsin, b-galactosidase, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and b-fucosidase activities were absent. Differing phenotypic characteristics between strain XIN-1 T and F. hauense BX12 T are listed in Table 1 .
Genomic DNA was extracted according to the method of Ausubel et al. (1995) . The 16S rRNA gene (1477 bp) of strain XIN-1 T was amplified by the PCR primer pair 27f/ 1492r (Lane, 1991; Marchesi et al., 1998) and the sequence compared with available sequences using the EzTaxon-e server (Kim et al., 2012) . Alignment with the related 16S rRNA gene sequences was performed using CLUSTAL X (Thompson et al., 1997) . Phylogenetic trees were reconstructed using the neighbour-joining, maximum-likelihood and maximum-parsimony methods with bootstrap values based on 1000 replications in MEGA5.0 (Tamura et al., 2011) , and evolutionary distances were calculated using the algorithm of Kimura's two-parameter model (Kimura, 1980) . The 16S rRNA gene sequences of related strains were acquired from NCBI (http://www.ncbi.nlm.nih.gov/) using the accession numbers shown in Fig. 1 . Three kinds of phylogenetic trees were constructed with other members of the family Flavobacteriaceae, and Leeuwenhoekiella marinoflava ATCC 19326 T was chosen as an outgroup. Strain XIN-1 T was clearly related to the genus Flavobacterium and formed a branch with F. hauense BX12 T (Dong et al., 2013) in the neighbour-joining phylogenetic tree (Fig. 1) . Comparison based on 16S rRNA gene sequences demonstrated that the strain had the highest pairwise similarity to F. hauense BX12 T (98.2 % 16S rRNA gene sequence similarity), followed by Flavobacterium beibuense F44-8 T (96.3 %) and Flavobacterium rakeshii FCS-5 T (96.1 %). In addition, similar results also appeared in the maximum-parsimony and maximum-likelihood trees (Figs S2 and S3) . Table 1 . Characteristics that differ between strain XIN-1 T and F. hauense BX12 T Strains: 1, XIN-1 T ; 2, F. hauense BX12 T . Both strains are positive for oxidase activity and hydrolysis of aesculin, Tween 40 and Tween 80, but negative for catalase activity, H 2 S and indole production, nitrate reduction, Congo red absorption, flexirubin-type pigments, glucose fermentation, arginine dihydrolase activity and hydrolysis of urea, DNA, casein, L-tyrosine and CM-cellulose. +, Positive; 2, negative; +(W), weakly positive. All data are from this study except those for the DNA G+C content of F. hauense BX12 T , which were taken from Dong et al. (2013) .
Characteristic 1 2
Growth at 37 u C + 2 Hydrolysis of:
Gelatin Strain XIN-1 T and F. hauense BX12 T were cultivated in R2A broth at 28 u C for analysis of fatty acids, which were extracted and analysed according to the instructions of the Sherlock Microbial Identification System (MIDI). After saponification, methylation, extraction and purification, the fatty acid methyl esters mixture was separated by using the Sherlock Microbial Identification System. An Agilent Technologies 7890A GC system configured with an Agilent gas phase capillary column (0.2 mm625 m, ultra 25 % Phenyl Methyl Silox) was used, and the results were analysed by the MIDI Sherlock Version 6.1. For the analysis of quinones and polar lipids, cells were collected at the exponential phase by centrifugation, then washed three times with sterilized water and freeze-dried. The respiratory quinones of strains were extracted according to the method of Collins et al. (1977) and separated by HPLC. Analysis of polar lipids by two-dimensional TLC was carried out by the identification service of the DSMZ (Braunschweig, Germany). For polyamine analyses, cells were grown in R2A broth at 28 u C; extraction and HPLC analysis of polyamines were carried out as described by Busse & Auling (1988) . The DNA G+C content was determined by using reversed-phase HPLC according to the method of Mesbah et al. (1989) . DNA-DNA hybridization was performed fluorometrically using the method of Ezaki et al. (1989) with photobiotin-labelled DNA probes and microdilution wells.
The fatty acids of strain XIN-1 T and F. hauense BX12 T , extracted from cells grown under the same culture conditions, are shown in Table 2 . The major fatty acids of strain XIN-1 T (.5 %), were iso-C 15 : 0 (32.2 %), C 16 : 0 (13.9 %), iso-C 17 : 0 3-OH (10.4 %), summed feature 4 (comprising iso-C 17 : 1 I and/or anteiso-C 17 : 1 B) (7.6 %) and summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c) (7.2 %), which is consistent with the type strains of other species of the genus Flavobacterium. The predominant respiratory quinone of strain XIN-1 T was menaquinone-6 (MK-6). Strain XIN-1 T contained phosphatidylethanolamine as the major polar lipid and several unidentified aminolipids and lipids (Fig. 2) . The polyamine pattern consisted of spermine (1.143 mg ml 21 ) and spermidine (2.143 mg ml 21 ). The DNA G+C content of strain XIN-1 T was 39.8 mol%, which fits this characteristic of the genus Flavobacterium (Table 1 ). The DNA-DNA relatedness between strain XIN-1 T and F. hauense BX12 T was 38.7±0.5 %, which is lower than the value of 70 % that is commonly accepted for definition of a novel bacterial species (Stackebrandt & Goebel, 1994) .
On the basis of results from the multiple taxonomic approaches described above, strain XIN-1 T was considered to represent a novel species of the genus Flavobacterium, for which we propose the name Flavobacterium suzhouense sp. nov.
Description of Flavobacterium suzhouense sp. nov.
Flavobacterium suzhouense (su.zhou.en9se. N.L. neut. adj. suzhouense referring to Suzhou in Jiangsu province, China, the area where the type strain was isolated).
Cells are Gram-stain-negative, strictly aerobic rods (approx. 0.4-0.5 mm in diameter and 0.8-1.4 mm in length when cultured on R2A agar at 28 u C for 12 h), non-flagellated, non-motile and non-spore-forming. Colonies are 1-3 mm in diameter after 2 days of cultivation on R2A agar at 28 u C, circular, smooth and bright yellow. Growth occurs at 4-37 u C (optimum, 28 u C), pH 6.0-8.0 (optimum, pH 7.0) and with 0-2 % (w/v) NaCl (optimum, 0 %). Cells can also grow on TSA, NA and LB agar. Positive for oxidase activity, and hydrolysis of aesculin, Tween 40, Tween 80, gelatin, starch and egg yolk, but negative for catalase activity, flexirubin-type pigments, Congo red adsorption, anaerobic growth, H 2 S production, and hydrolysis of casein, urea, DNA, L-tyrosine and CM-cellulose. According to the API 20NE test strip, negative for nitrate reduction, glucose fermentation, arginine dihydrolase activity indole production and b-galactosidase activity. Acid is produced from rhamnose, but not from D-glucose, D-mannitol, inositol, Dsorbose, sucrose, melibiose, gentiobiose or L-arabinose (API 20E). Utilizes D-glucose, maltose, sodium acetate, trisodium citrate, D-mannose and glycogen, but not salicin, L-alanine, D-mannitol, potassium gluconate, capric acid, adipic acid, malic acid, phenylacetic acid, L-rhamnose, N-acetylglucosamine, D-ribose, inositol, sucrose, itaconic acid, suberic acid, sodium malonate, lactic acid, potassium 5-ketogluconate, 3hydroxybenzoic acid, L-serine, melibiose, L-fucose, Dsorbitol, propionic acid, valeric acid, histidine, potassium 2-ketogluconate, 3-hydroxybutyric acid, 4-hydroxybenzoic acid or L-proline (API 20NE and API ID 32GN test strip). In the API ZYM strip, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, a-glucosidase and b-glucosidase activities are present, but lipase (C14), a-chymotrypsin, b-galactosidase, b-glucuronidase, N-acetylb-glucosaminidase, a-mannosidase and b-fucosidase activities are absent. Resistant to cefoperazone, penicillin G, oxacillin, ofloxacin, cefuroxime, ceftazidime, polymyxin B, ciprofloxacin, ceftriaxone, vancomycin, gentamicin, kanamycin, medemycin, amikacin, cefazolin, furadantin, streptomycin, aztreonam, nebcin and cefalotin, but susceptible to ampicillin, tetracycline, chloramphenicol, erythromycin, norfloxacin, piperacillin, minocycline, cefoxitin, spectinomycin, cefepime, levofloxacin, clindamycin, cefotaxime, chemitrim and clarithromycin. Menaquinone-6 is the major respiratory quinone. The major polar lipid is phosphatidylethanolamine. In addition, three unidentified lipids and three unidentified aminolipids are also present. The predominant fatty acids (.5 %) are summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c), summed feature 4 (comprising iso-C 17 : 1 I and/or anteiso-C 17 : 1 B), iso-C 15 : 0 , C 16 : 0 and iso-C 17 : 0 3-OH. The polyamine pattern comprises spermine and spermidine.
The type strain, XIN-1 T (5CCTCC AB 2014200 T 5KCTC 42107 T ), was isolated from farmland river sludge collected from a sewage river in Suzhou city, Jiangsu province, China. The DNA G+C content of the type strain is 39.8 mol%. 
